[Abstract] Candida albicans is the most prevalent and important human fungal pathogen. The advent of CRISPR as a means of gene editing has greatly facilitated genetic analysis in C. albicans. Here, we describe a detailed step-by-step procedure to construct and analyze C. albicans deletion mutants. This protocol uses plasmids that allow simple ligation of synthetic duplex 23mer guide oligodeoxynucleotides for high copy gRNA expression in C. albicans strains that express codon-optimized Cas9. This protocol allows isolation and characterization of deletion strains within nine days.
Procedure
The overall procedure entails identification of appropriate target site in the chromosome, design of the gRNA oligonucleotides and their ligation into the gRNA expression plasmid, design and construction of the donor repair fragment, co-transformation of gRNA plasmid and repair fragment into yeast, and finally, screening and verification of mutant strains.
Detailed protocols for each of these steps are described following the timeline outlined below. Note: DO NOT INCLUDE PAM SITE in gRNA oligonucleotide.
Design primers for verification of correct chromosomal mutation
Order two ~18-30 bp oligonucleotides, forward and reverse, for checking chromosomal gene deletion, by PCR amplification of genomic DNA. If possible, the product of this PCR amplification should be less than 500 bp. This allows PCR extension time to be less than 30 sec (using Taq polymerase), thereby minimizing the time required for verification.
B. Create an appropriate repair template
A repair template is a double stranded DNA fragment that spans the cut site, has sufficient homology for homologous recombination, and creates appropriate mutation. In addition to introducing the desired mutation, repair templates must lack the PAM site. Otherwise the target break site will be re-introduced into the chromosome after its repair.
The simplest repair template for creating deletion allele uses a pair of 60 bp oligonucleotides with ~47 bp of homology (at 5' ends) to sequences flanking the chromosomal break site, ~20 bp overlap at 3' end, and a unique restriction site within the overlap confirmation of correct mutation (e.g., see
Vyas et al., 2015; Ng and Dean, 2017 ). An example that shows repair strategy for deleting the LEU2 gene (from Ng and Dean, 2017) and the sequence of repair oligonucleotides is illustrated in www.bio-protocol.org/e2814 
D. Preparation of repair template
To create the repair template using ~60 bp oligonucleotides with ~20 bp overlap at 3' end, subject mixed oligonucleotides to annealing and DNA replication to generate a product of ~100 bp (see ).
3. Dilute overnight culture 1:100, 1:10,000, 1:100,000. Plate 100 µl of each dilution on FOA-containing plate. Screen FOA-resistant colonies on SD-URA plates to confirm the loss of URA3 gene.
Data analysis
During yeast transformation, it is important to include the following controls: No plasmid DNA (to ensure that transformants are uracil prototrophs and that SD (-Ura) plates or transformation solutions are not contaminated); no gRNA plasmid (to ensure that transformants arise from gRNA vector uptake), no donor repair fragment. This last control provides an estimate of the number of colonies that are likely to arise from homologous recombination of the repair fragment at the target locus. The fold stimulation of colonies that arise in the presence versus absence of healing fragment may provide an estimate of mutation frequency. Generally, we have found that a high mutation frequency results in a large stimulation of colonies that arise in the presence versus absence of repair fragment. The frequency of mutation and repair by this method is about 30-90%. 
